The resul ts of infrared photometry from 2 llm-160 llm of AFGL 2591 and 12CO observations of· its associated molecular cloud and high velocity mol ecul ar outflow are presented and di scussed. Observations between 60 llm and 160 llm provide the first detailed far-infrared spectrum of this source. The observed luminosity between 2 and 160 ~ is 6.7 x 10 4 L at a distance of 2 kpc. We estimate the total o luminosity to be ru 9 x 10 4 L o The 211m to 160 p.m spectrum of AFGL 2591 is interpreted in the context of a model in which a single embedded object is the dominant source of the infrared luminosity. We determine this object to be surrounded by a compact, optically thick dust shell with a temperature in excess of several hundred degrees kelvin. We estimate the extinction to this source to be between 26 and 50 visual magnitudes. Our data is consistent with earlier suggestions that the object which powers the near-infrared source al so is responsible for ionizing the compact HII regions near AFGL 2591. We have determined the absolute position of the infrared source at 10 llm to an accuracy of ± 
spectrum of this source. The observed luminosity between 2 and 160 ~ is 6.7 x 10 4 L at a distance of 2 kpc. We estimate the total o luminosity to be ru 9 x 10 4 L o The 211m to 160 p.m spectrum of AFGL 2591 is interpreted in the context of a model in which a single embedded object is the dominant source of the infrared luminosity. We determine this object to be surrounded by a compact, optically thick dust shell with a temperature in excess of several hundred degrees kelvin. We estimate the extinction to this source to be between 26 and 50 visual magnitudes. Our data is consistent with earlier suggestions that the object which powers the near-infrared source al so is responsible for ionizing the compact HII regions near AFGL 2591. We have determined the absolute position of the infrared source at 10 llm to an accuracy of ± 1". Thi s indicates for the fi rst time that the IR source and H 2 0 source are not coincident.
Our 12CO observations show the high-velocity molecular flow near AFGL 2591 to be extended, bipolar and roughly centered on the infrared emission. The observations suggest that the red-shifted flow component extends beyond the boundary of the ambient cloud within which AFGL 2591 is embedded. The 12CO observations also show that AFGL 2591 is embedded in a molecular cloud with an LSR velocity of -5 km s-1 Comparing this velocity with the velocity of H 2 0 maser emission (ru -22 km s-l) suggests 3 that the maser source is part of the blue-shifted high-velocity mol ecul ar outflow. Its close proximity to the in frared source suggests that the origin of the molecular outflow may be very close to (within 1") the surface of AFGL 2591.
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INTRODUCTION
The observation that most stars, in their earl iest stages of stellar evolution, produce cold energetic outflows of molecular gas (e.g., Bally and Lada 1983 ) suggests a revision of our understanding of the nature of young embedded infrared sources (e.g., Wynn-Williams 1982) . It is now clear that many objects previously thought to be quietly accreting protostars are actually the centers of very energetic mass explusion. One such object, AFGL 2591, typical of the proto-stell ar sources, has recently been found to be associated with a high-velocity molecular outflow (Bally and Lada 1983, Torrelles ~ 1983 (vJynn-~~illiams 1977) and also near at least two, ~~eak compact HII regions (e.g. Simon et al 1981) . Although very lUI:1inous and compact, there is no evidence for ionized emission at the location of the near-infrared source (Thompson and Tokunaga 1979, Simon et al 1981) ,
suggesting that the source has not yet evolved to the stage of emitting significant ionizing flux. Despite extensive near-infrared stud i es, little is known about the far-infrared spectrum of this object and its total luminosity has not been accurately determined. The recent detection of high-velocity molecular flovi around this object and the lack of a good far-infrared spectrum of this object motivated us to obtain further observations of this source and reconsider its nature.
In particular \ve were interested in detennining the characteristics of 5 the molecular flow and its relation to the infrared source, compact HI! reg ions and water maser. vJe al so were interested in obta i n ing a good far-infrared spectrum in order to obtain a rel iable total luminosity and investigate the detailed energetics of the source.
To accompl ish these objectives we obtained new mill imeter-wave CO and infrared observations of AFGL 2591. The resul ts of these observations, which incl ude the detection of a bi pol ar mol ecul ar flow and the first accurate far-infrared spectrum of this source, are presented in this paper. vJe al so present new 2-20 wm broadband spectroscopy of the near-infrared source and a 10 ]J1l absolute position measurement of the source, which significantly improves upon previous determinati ons made at shorter wavel engths. The tel escopes and observing techniques employed for this study are described in Section II, the resul ts and analysis of observations in Section III and the implications of the results in Section IV and Section V. 1950.0) which was pre-determined to be free of significant 12CO emission. Data taken with both telescopes were initially cal ibrated using a rotating chopper wheel following Ul ich and
Haas (1976) . The ll-m data were finally calibrated by observing Orion Details concerning filter characteristics and calibration procedures have been described el sewhere Harper 1979, Loewenstein et al. 1977) . The W3(OH) source was used for calibration. Data were taken by chopping the secondary to a reference position 7.5 1 north and south of AFGL 2591. The maximum far-infrared emi ssion was located at the 10].lm peak, within the ±15 11 positional uncertainty, and the object was unresolved. Weak, extended emission was observed from the source throughout the region mapped, but at a level 0.5-1% of the peak channel.
It is unlikely that this flux contributes more than 'V 20% to the total measured at the peak of AFGL 2591. These integrated intensities are also listed in Table 1 The resul ts of our infrared photometry from 2 to 160]Jm are presented in Table 2 . The resulting spectrum is plotted in Figure 3 .
Our 2-20 ]Jm spectrum agrees well with previously publ ished observations (Merrill and Soifer 1974; Willner et al 1982) . The spectrum is very simil ar to II protostars" such as BN, W3 IRS 5 and NGC 7538 IRS 9, objects all associated with high-velocity molecular flows. Integrating under the observed spectrum we obtain· the first accurate luminosity for this source. We find LILa = 6. However, the derived dust temperature and source size are actually lower 1 imits to the true values since the 10]Jm absorption feature suggests that the infrared source is heavily extinguished.
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The far-infrared spectrum can likewise be fit fairly well by a blackbody spectrum, but this is due in a large part to the small number of fil ters we used. Figure 3 shows a best fit, assuming that the intrinsic spectrum is, in fact, a blackbody. The resultant values (To = 73 K, with 8=8") are actually lower 1 imits to the true values. For exampl e, most far-infrared spectra are assumed to arise from optically-thin isothermal dust emission and that the source spectrum is of the form F exv B {T}. If this is the case for AFGL 2591, then TO i;
110 K. However, Thronson and Harper (1984) have emphasized that overlying, non-emitting dust can al ter a far-infrared spectrum and make it appear significantly "cooler" than the true dust temperature. In addition to this, Thronson and Harper further argue that for the vast majority of sources observed to date, there is not sufficient spectral coverage to determine with certainty whether or not this effect is taking place. Since this is the case for our data on AFGL 2591, \IJe are limited to saying that the dust that dominates the far-infrared emission is characteriZed by TO ~ 73 K, although more likely, To ~ 100 K.
The bl ackbody fits to the ~pectrum of AFGL 4591 enabl e us to estimate the total luminosity of the source including the contribution from emission outside the observed wavelength range. Integrating under the two black body curves, vie estimate a total luminosity of 9 x 10 4 (0/2 kpc)2 LE) for the source.
Finally, the excel 1 ent pointing characteristics of the WIRO 2.3 m telescope enabled us to measure the absolute position of the N band As shown in Figure 1 the immediate vicinity of AFGL 2591 contains two compact radio continuum sources and an H 2 0 maser spot, as well as the compact near-infrared source. In addition, two smaller, less bright compact continuum sources are al so known to be contained within this region (Campbell 1984) . The compact continuum source southwest of the infrared source has been studied by many authors (L~endker and Baars 1974 , Wynn-Will iams et al. 1977 , Simon et al. 1981 , Brown 1974 , Campbell 1984 ) and although the fluxes determined bet~veen 2-15 GHz are not in particul arly good agreement, they are consistent v/ith a spectrum of an optically thin, photoionized HI! region. If all four continuum sources art~ optically thin H II regions within the cloud and are photoionized by individual ZAHS stars they would contribute about 2 x 10 4 L to the e total far-infrared luminosity in the region. That is about 25~~ of the total luminosity we estimated for the region from our far-infrared observations. However there appears to be no strong 2 ]11l or 10 jlm sources at any of these positions, and it is likely that these compact continuum sources are not powered by stars which contribute Si9nificantly to the far-infrared luminosity we observed. Indeed, Thompson and Tokunaga (1979) have suggested that the ionization of the H II region south~vest of the infrared source is provided by UV radiation escaping from a hol e in an otherwise thick dust shell around AFGL 2591. As the dominate energy source, AFGL 2591 would also be the driving source of the bipolar molecular flow. Since it is believed that such outfloi'ls are driven by vlinds emmanating very close to the surface of the central young stellar objects (e.g., Lada 1934), it is not surprising that holes or channels exist in a dust shell which would permit uv radiation to escape and ionize the compact HII region as well as produce the observed reflection nebula. Indeed, reflection nebula are found associated with many molecular outfloVis (Strom 1983) . The existence of weaker HII regions near AFGL 2591 (see Figure 1 , Simon et al. 1981 and Campbell 1984) may indicate that the dust shell is beginning to break up. However, it is also possible that the radio continuum emission is being produced by coll isional ionization in a stell ar wind (Krol ik and If we assume that the compact near-infrared object .is the source of all the observed far-infrared emission, we can pl ace interesting constra ints on its nature. As pointed out earl i er, the presence of a deep 10 llm sil icate absorption feature in the spectrum indicates that between 2-20 ·llm we are observing heavily reddened emission from hot dust surround ing a recently formed star. An upper 1 imit to the extinction to this hot dust can be estimated by de-reddening the near infrared observations and then requiring that the resul ting total luminosity between 2-20 llm not exceed 9 x 10 4 L. If we assume a o standard interstellar reddening law (e.g., Van de Hulst curve no. 15 [Johnson 1968 ]) we find an upper 1 imit to the extinction of about 50 visual magnitudes between 2.3 llm and 4.9 llm. He can obtain a lm'ler 1 irnit to the extinction from the depth of the 10 llrn absorption feoture. It is of interest to compare the blackbody curve with our [8] [9] [10] [11] [12] [13] ]l m observations. Using the extinction 1 aw derived by Rieke and Lebofsky (1984) We will now consider briefly some of the more interesting aspects of the outflow reveal ed by our data.
First, we find the flow to be bipolar, and as indicated by Figure   2 , the spatial separation of red and blue high-velocity components is as distinct as has been found for any other flow observed to date. However, our observations are not sufficiently extensive to determine the full extent or degree of call imation of the flov/. Clearly further mapping is needed to address these particular issues.
Second, we find that the velocity extent of the high-velocity gas is as great in the outermost regions of the flow as it is at the position of the infrared source at the apparent center of the bi pol ar flow. Thus, there is no evidence for any flovl deceleration with distance from the central source. In fact, the velocity extent of the high-velocity emission is somewhat higher in the outer regions than near the center of the grid. Such kinematical behavior is not so clearly evident in any other extended source we have studied. Accel eration, or lack of deceleration, of high-velocity gas would be expected if the 21 force accelerating the flow was more or less constantly applied over the dynamical time scal e and if the flow was propagating into a med ium with a decreasing density gradient. Of particular interest in this regard is the extent of the red-shifted flow beyond the apparent boundary of the -5 km s-l ambient cloud as seen in Figure 1 and discussed in Section Recently, Schwartz, Smith and Waak (1983) , have suggested that the red-shifted flow associated with NGC 1333 outflow is expanding into a very low density region of that cloud. However the AFGL 2591 flow may be the first molecular outflow VJhich appears to have expanded beyond the boundaries of its associated molecular cloud.
Third, we find the peak integrated intensity in the blue flovi to be considerably greater than that in the red flow. This is similar to the situation for the S140 outflow (Lada and vJolf 1983) but not typical of 22 outflow sources which generally have their strongest emission in the red component (Bally and Lada 1983) . Al though it is not all cl ear what produces such asymmetries in the flow line profiles, the apparent enhancement of blue emission in AFGL 2591 could be due to the fact that the blue flm'l is propagating into a higher density region than the red flow, sweeping up more material in a small er area and appearing brighter. In this case we would expect the blue flow to be considerably more confined than the red flow. Future mapping could reveal if this was the case. Fourth, our data enables us to make crude estimates of the flow extent and dynamical age. From Figure 1 vie estimate the flow to be at least 51 in extent, which corresponds to a size of 3 pc at a distance of 2 kpc. Th; s, coupl ed with the observed velocity extent of the flo\'I ('V 40 kms-1 ), suggests a dynamical time scale of 'V7 x 10 4 years (at 2 kpc di stance). These parameters i nd i cate that the AFGL 2591 f1 ow is one of the most extended and perhaps evolved of the known molecular outflow objects. AFGL 2591 may also be the most luminous driving source of the known molecular flow sources. It is perhaps surprising that such a 1 uminous young stell ar object has not had time enough to evol ve to the point where it has produced a significant compact HI! regions, yet has had enough time to generate one of the most extended outflows known.
Consider that the molecular flow associated with IRe 2 in Orion (the only other well studied outflow source of comparable luminosity to AFGL 2591) has an extent of 0.2 pc and a dynamical age of 'V10 3 years.
The lack of a developed HII region around AFGL 2591 might be due to the fact that the exci ting star is surrounded by an extraordinarily ?3 dense and dusty shell which has severely retarded the expansion of an HII reg ion. However, the presence of weak continuum sou rces near AFGL 2591 suggests that the dust shell is breaking apart as discussed earlier.
It is also possible that AFGL 2591 is closer than 2 kpc. The primary resul ts of our infrared and mill imeter-wave study of AFGL 2591 can be summarized as follows:
1) The luminosity observed bet~'/een 2 m and 160 m for the AFGL 2591 source is found to be 6.7 x 10 4 (0/2 kpc)2 L , suggesting a total 2) The near-and far-infrared observations are consistent \'1ith and best explained by a model in which a single embedd'ed object is the sole source of the observed near-and far-infrared lu'minosity. This object appears to be surrounded by a compact, optically thick dust shell with a temperature of '\;800 K and an angular diameter of '\;0.06", although a significant range in temperatures probably actually exists. The extinction to this source is estimated to be about 43 visual magnitudes.
3) In addition, our data are consistent with the suggestion of Thompson and Tokunaga (1979) that AFGL 2591 is the source of ionization for the compact HII regions in its vicinity and the source of scattered 7) The position of the near-infrared source has been determined to an accuracy of ±111 at 10 II m and we find that the infrared source is not coincident with the H 2 0 maser spot as previously thought. However, the close proximity of the maser spot to the infrared source does suggest that the high-velocity molecular flow originates very close to the embedded sta r. aThe statistical uncertainty of tile flux densities is in all cases better than 2%. The calibration uncertainty is estimated to be ±5% at 2.3 Win, 3 . . 6 pm, and 4.9 )Jm. At the longer wavelengths, we estimate a ±lO~s calibration uncertainty.
bwe estimate a total uncertainty of ±20%. Figu re 2
The 12CO spectra observed at the two locations indicated in Figure   1 by the "x" symbols. The distinct assymetry of the red and 
